This invention relates to a noise eliminating circuit for eliminating impulse noises produced in an image signal after a tuner used in a television receiver such as a satellite broadcast receiver, etc.
BACKGROUND OF THE INVENTION
Since electromagnetic wave used for a satellite broadcast is in a microwave frequency band, when the level of reception is lowered by rainfall, snow on an antenna, etc., C/N (carrier/noise) of a received signal is also lowered. As C/N is lowered, S/N (signal/noise) of an image signal after FM demodulation is lowered.
When CAN is further lowered and it falls below a threshold value, a particular kind of impulse noises are produced. FIG. 2 (b) shows waveform of this kind of impulse noises produced in an image signal. When C/N is low ered, impulse noises B are produced, as indicated in FIG. 2 (b) , on an image signal A, whose brightness varies stepwise, as indicated in FIG. 2 (a) . When these impulse noises are produced, the brightness is raised or lowered significantly over several hundreds of nanosec onds. When they are observed on a monitor screen, they look like white or black killifish, which impairs remarkably the image quality. In order to eliminate such impulse noises, there is known a noise eliminating cir cuit as indicated in FIG. 7 disclosed e.g. in Technical Report of Juridical Foundation Television Society, Vol. 14, No. 42, pp. 16-18, August 1990. In FIG. 7, reference numeral 51 is a digital noise filter; 52 is a differential circuit; 53 is a comparing circuit; and 54 is an error detection preventing circuit. At first, a demod ulated signal is A-D converted and color subcarrier and digital aural subcarrier are removed by means of the digital notch filter 51. Then the high frequency compo nent of the image signal is taken out by means of the differential circuit 52. The signal is compared with a threshold in the level comparing circuit 53 and pixels exceeding the threshold value are judged to be sus pected to be impulse noises. Further, in order to prevent erroneous detection, only when the none of two adja cent pixels on the upper and lower sides of each of the pixels is suspected to be an impulse noise, it is judged finally to be an impulse noise.
Impulse noises are eliminated by detecting the im pulse noises from a demodulated signal of the image signal by using this noise eliminating circuit and by replacing the detected pixels including the impulse noises by pixels including no impulse noises, which succeed or precede them by one field or one scanning line. Concretely speaking, when the pixels to be re placed are selected, they should be replaced by pixels located obliquely on the upper or lower side succeeding or preceding by one field or one scanning line, as indi cated in FIGS. 3(a) and 3(b), so that the phase of the color subcarrier multiplexed in the frequency in the image signal is continuous after the replacement of the pixels.
Such a prior art impulse noise detecting circuit, which detected noises on the basis of horizontal and vertical correlation in one field, had a drawback that impulse noises were apt to be erroneously detected. 2 Further, in the prior art circuit, there was a problem that since the composite image signal is interpolated, as it is, it is necessary to adjust the phase of the color subcarrier and that for this reason the interpolation should be effected as indicated in FIG. 3 , and thus the precision of the interpolation is low, because the inter polation is effected by using pixels obliquely adjacent.
As other prior art techniques JP-A-Sho. 63-110888, 10889 and 110890 can be cited. However these tech niques have a drawback that detection precision is low, because they deal with an NTSC signal itself and noise elimination is effected before the YC separation.
OBJECT OF THE INVENTION
The object of the present invention is to provide a noise eliminating circuit, which can carry out precisely and surely detection and elimination of impulse noises in the image signal, when C/N of the received signal is lowered and the impulse noises are produced, and com pensate impaired image quality with a high precision.
SUMMARY OF THE INVENTION
In order to achieve the above object, a noise eliminat ing circuit for a television receiver according to the present invention is characterized in that it comprises demodulating means for demodulating a modulated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information; noise detection and judgment means for detecting a noise component contained in the detected signal and judging presence or absence of an impulse noise component composed of individual pulses having great variations in the brightness, contained in the image signal, based on an amount of the noise com ponent; and noise detecting and eliminating means, which effects interpolation processing for the bright ness of impulse noise portion to output an image signal, from which the impulse noise component is removed, when it is judged that there exists the impulse noise component, and outputs the image signal from the de modulating means, when it is judged that there exists no impulse noise component.
According to the present invention, it is judged whether there exists C/N, by which an impulse noise is produced, or not. Only in the case where it is judged that it is C/N, by which an impulse noise is produced, the brightness of the impulse noise portion in the image signal is subjected to the interpolation processing to output the image signal, from which the impulse noise portion is removed, and since the image signal from the demodulating means is outputted in the other case, when impulse noises are produced in the image signal, which impairs the image quality of the displayed image, worsened image quality can be compensated by detect ing the impulse noises to eliminate them. Hereinbelow several embodiments of the present invention will be explained in detail, referring to the drawings.
FIG. 1 is a block diagram indicating an embodiment of the television receiver including the noise eliminating circuit according to the present invention, in which reference numeral 1 is a receiving antenna; 2 is an inter mediate frequency converting circuit (LNB); 3 is a first IF signal; 4 is a tuner; 5 is an image signal; 6 is a noise reduction circuit serving as impulse noise detecting and eliminating means; 7 is a detected signal; 8 is a noise detecting circuit serving as impulse noise detecting and judging means; 9 is a noise reduction control signal; 10 is a noise reduction image signal; 11 is an aural signal; and 12 is a monitor. 4. In such a construction, the signal received by the antenna 1 is frequency-converted into the first IF signal 3 by the LNB 2, which is sent to the tuner 4. The tuner 4 selects a desired channel and FM-demodulates it. The tuner 4 outputs the image signal 5, the detected signal 7 and the aural signal 11. The detected signal 7 is one immediately after the FM demodulation. After this detected signal 7 has been deemphasized, the 15 Hz triangular wave component is removed therefrom and further it is passed through an LPF in the image signal frequency band to obtain the image signal 5.
The noise reduction circuit 6 carries out the detection and the elimination of the impulse noises. The construc tion thereof in detail will be described later.
When the noise reduction circuit 6 detects impulse noises, it can erroneously detect them, recognizing parts, which are not impulse noises, as impulse noises (i.e. erroneous detection). If the noise eliminating opera tion were effected for the erroneously detected parts, the image quality at these parts would be impaired. For this reason the probability of generation of the errone ous detection should be satisfactorily smaller than the probability of generation of the impulse noises. Further, in the case where C/N producing no impulse noises (e.g. under about 6 dB) is being obtained, it is necessary to prohibit the noise elimination by the noise reduction circuit 6.
For this reason, there is disposed the noise detecting circuit for detecting C/N. This noise detecting circuit 8 detects only the noise component contained in the de tected signal 7 to obtain a voltage responding to the noise level (e.g. about 1 to 2 V) Based on that voltage it isjudged whether it is C/N producing impulse noises or not. A result of judgment is outputted as the noise re duction control signal 9 to the noise reduction circuit 6.
In the case where this control signal 9 indicates that it is C/N producing impulse noises, the noise reduction circuit 6 detects the impulse noise parts in the image signal. The brightness at these parts are subjected to an interpolation processing and supplied to the monitor 12 as the noise reduction image signal 10. On the contrary, in the case where the control signal 9 indicates that it is C/N producing no impulse noises, the image signal 5 from the tuner 4 is supplied to the monitor 12 as it is without any interpolation.
On the other hand, the aural signal from the tuner 4 is supplied to the monitor 12 as by the prior art technique.
FIG Supposing that n(0) in FIG. 5 represents the 1H de layed brightness signal 17 at a certain point of time t, n(A) and n(B) represent the 2H delayed brightness sig nal 18 and the brightness signal 15, respectively, and n(c) indicates the frame delayed brightness signal 20. Here (0) in n(0), etc. indicate suffixes for n.
Since a television image signal has a very high corre lation between different lines and between different frames close to each other from the statistical point of view, if n(0) has no correlation greater than a certain value with either one of n(A), n(B) and n(C), it can be judged to be an impulse noise. However, in the case of this embodiment, although erroneous detection can take place in a frequency range indicated by a hatched part in FIG. 6 , it is verified experimentally that worsening in the image quality by this erroneous detection is sufficiently small with re spect to the effect of the elimination of impulse noises.
The above described impulse noise detection opera tion will be explained, referring to FIG. 4 .
The 2H delayed brightness signal n(A)18, the bright ness signal n(B)15 and the frame delayed brightness signal n(C)20 are subtracted from the H delayed brightness signal n(0)17 by the subtracter 41-1 to 41-3, respectively. These difference signals, i.e. a n(0)-n(A) signal 21, a n(0)-n(B) signal 22 and a n(0)-n(C) signal 23, are calculated and the absolute values thereof are ob tained by passing these difference signals through the absolute value obtaining circuits 24-1 to 24-3, respec tively. It is judged by means of the comparing circuits 25-1 to 25-3 whether they are greater or smaller than the threshold value 26, respectively. A signal obtained by inputting the results thus obtained to the three-input AND circuit 27 is the impulse noise detection signal 28.
Here an optimum value is set experimentally for the threshold value 26.
When an impulse noise is detected, an operation of replacing the part thus detected by a certain signal, i.e. an interpolation, is necessary.
For this purpose, in the embodiment indicated in  FIG. 4 , the brightness signal 15 and the 2H delayed brightness signal 18 are passed through the adder 42-1 and the multiplier 43-1 and the interpolation is ef fected by using the average of these signals, which is inputted to the switch 30 as the interpolated brightness signal 29.
The switch 30 selects one of the 1H delayed bright ness signal 17 and the interpolated brightness signal 29, responding to the impulse noise detection signal 28, which is the output of the AND circuit 27, to output it. The switch 31 is controlled by the noise reduction sig nal 9 so as to select the 1H delayed brightness signal 17 for C/N producing no impulse noises and the output of the switch 30 for C/N producing impulse noises. Therefore the chrominance signal 32 and the 2H delayed chrominance signal 34 are passed through the adder 42-2 and the multiplier 43-2 to obtain the aver age of these signals. The phase thereof is inverted by the phase inverting circuit 35 to obtain the interpolated chrominance signal 36. This signal 36 and the 1H de layed chrominance signal 33 are inputted to the switches 37 and 38, respectively. The switch 37 work ing in synchronism with the switch 30 selects one of them, responding to the impulse noise detection signal 28, to output it. The switch 38 works in synchronism with the switch 31 and the operation thereof is con pletely identical to that described above.
Here it is for the purpose of having the interpolated chrominance signal 36 and the 1H delayed chrominance signal 33 in-phase that the phase of the interpolated chrominance signal 36 is inverted by the phase inverting circuit 35, because the phase of the chrominance signal is inverted for every line in the NTSC system.
The outputs of the switches 31 and 38 are combined by the YC mixing circuit 39 and the output thereof is converted into an analogue signal by the D/A con verter 40 to be outputted as the noise reduction image signal 10.
In the embodiment described above of the present invention, theoretically no erroneous detection takes place in a still image.
Further, since the brightness signal and the chroni nance signal are interpolated separately after the YC separation, they can be interpolated by using the upper and lower adjacent pixels. That is, since the interpola tion can be effected by using the closest pixels, the worsened image quality can be compensated with a high precision.
When the impulse noise detection signal, which is detected in the case where the line correlation and the frame correlation are used as means for detecting in pulse noises, used in a satellite broadcast receiver, etc. as described above, is utilized, differences appear in the effect of impulse noise elimination, depending on the magnitude of the set threshold value. This residual impulse noise N1 decreases, when the threshold value L1 decreases, as indicated in FIG. 8(b) and thus the effect of the impulse noise elimination increases. However, if such an elimination is effected, the probability of erroneous detection, recognizing a part, which is no impulse noise, as an impulse noise increases, which gives rise to tendency that erroneous detection distortion takes place in the image after the impulse noise elimination, which lowers the image qual ity. For this reason, also in the noise eliminating circuit described above, the threshold value L1 cannot be any infinitely small value and there is nothing for it but to allow a residual impulse noise is some degree.
For increasing further the effect of eliminating im pulse noises by decreasing such a residual impulse noise after the impulse noise elimination, it is efficient to use 5,268,760 7 the residual impulse noise eliminating circuit indicated in FIG. 10 .
Almost all the tuners in satellite broadcast receives utilize the PLL detection system. Waveforms of in pulse noises produced in the operation of this PLL 5 detection system have an almost identical shape. If the waveform of the impulse noise is almost constant, when the threshold value for the impulse noise detection is set at a predetermined value, the impulse noise detection signal in this case has an almost constant width in time.
Consequently, if this threshold value is suitably set, it is possible that, in almost all the cases, the width in time of an erroneous detection signal is smaller than the width in time of a true impulse noise detection signal. FIG. 9 shows true impulse noise detection signals having widths in time t1 and t2 and erroneous detection signals having widths in time tel and te2, when the threshold value is set suitably as described previously. In this case, denoting the average of the true impulse noise detection signals by t, the following relations are valid; t=t.1 = t2, tell < t and te2<t.
Using these relations, in the case where the width in time of the impulse noise detection signal is almost equal to t, the time of the impulse noise elimination is ex tended so that the residual impulse noise is decreased. In the case where the width in time is smaller than t, a signal for effecting a control, by which any special processing is not performed, is generated and the im pulse noise detection signal described in the preceding embodiment is replaced thereby. In this way it is possi ble to decrease the residual impulse noise after the im pulse noise elimination and thus to effect a more-effi cient impulse noise elimination.
FIG. 10 indicates a residual impulse noise eliminating circuit, in which 60 is an impulse noise detection signal; 62 is a system clock; 64 is a shift register; 66 is an output of the shift register; 68 is an AND circuit; 70 is an OR circuit; 72 is a D-type flipflop;74 is a clock input to this flipflop; 76 is a Q-output of this flipflop; and 78 is an impulse noise elimination signal.
The residual impulse noise eliminating circuit is in serted e.g. into the point A in FIG. 4 .
The impulse noise detection signal 60 outputted by the noise reduction circuit 6 is applied to the shift regis pulse noise detection signal 60 is longer than a certain value, e.g. 5 periods, counted in the system clock 62 (i.e. sampling clock), it is judged that there is a true impulse noise and in the case where it is shorter than 5 periods, it is judged that it is an erroneous detection. That is, in the impulse noise detection signal 60 on the timing chart indicated in FIG. 11 , the part having a detection time width of tn represents a true impulse 8 noise and the part having a detection time width ofte is an erroneous detection part. The time width of the impulse noise eliminating signal 78 is extended, only in the case where the detection time width of the impulse noise detection signal 60 is longer than 5 periods, counted in the system clock 62. The extended time ta at this time is longer than 5 periods and shorter than 6 periods, counted in the system clock 62.
Although, in the present embodiment, a shift register and a D-type flipflop are used, it is not limited thereto, but any circuit may be used, if an equivalent output can be obtained.
Further, although, in the present embodiment, expla nation has been made, taking the television reception of the satellite broadcast as an example, application of the present invention is not limited thereto, but it can be applied to any receiving device in a wide field, if it has impulse-noise-like noises having residual impulse noises.
As explained above, using a residual impulse noise eliminating circuit described above, it is possible to reduce also residual impulse noises without increasing erroneous detection and thus the effect such as im provement in the image quality, etc. owing to the im pulse noise elimination can be increased. Next measures for preventing erroneous detection of impulse noises, in the case where the noise detecting method described above is applied to a moving image, will be explained.
FIG. 12 shows a method for detecting motions of pixels necessary for the measures described above. It is thought that three pixels, i.e. a pixel S11, which is an object, together with upper and lower adjacent pixels S10 and S12, form one block. It is judged that there is a motion in the pixel S11, in the case where a motion is detected for at least one of S10 and S12. The detection of motion in the pixels S10and S2 is effected by comparing them in the level with the pixels S20 and S22 preceding them by one frame and detecting which is greater, the level difference or a threshold value. That is, denoting the threshold value for the motion detection by R2, it is judged that there is a motion in S11, in the case where a condition is satisfied. The pixels, for which motions are excluded from expected impulse noises. FIG. 13 shows the fundamental construction of a circuit for realizing the motion detecting method ac cording to the present invention described above, in which reference numeral 200 is the pixel S12 stated above; 201 is S11; 202 is S10; 203-1 to 203-4 are line memories; 204 is a frame memory; 205 is S22; 206 is S21, 207 is S20, 208 is a 1H-preceding motion detection sig nal; 209 is a 1H-succeeding motion detection signal; 210 is a motion detection signal; 211 is an OR circuit; 212-1 and 212-2 are frame correlation determining circuits.
S12 (200) is applied to the line memory 203-1 and the frame memory 204, S11 (201) is obtained from the line memory 203-1, and S10 is outputted through the line memory 203-2. S22 is outputted by the frame memory 204, S21 (206) is obtained by the line memory 203-3, and at the same time S20 is outputted through the line men ory 203-4.
Further the frame correlation determining circuit 212-2 judges S12-S22>R2 and detects a motion for 5,268,760 9 S10(202) preceding S11(201) by 1H to output a 1H preceding motion detection signal 208.
On the other hand, the frame correlation determining circuit 212-2 judges S12-S22>R2 and detects a motion for S12(200) succeeding S11(201) by 1H to output a 1H-succeeding motion detection signal 209.
The signals 208 and 209 stated above are inputted to the OR circuit 211 forming an OR thereof to obtain a motion detection signal 210.
FIG. 14 shows an embodiment of the present inven tion having a motion detecting section based on the principle described above, in which the part enclosed by a broken line is the impulse noise detecting section identical to that indicated in FIG. 1 In the motion detecting section the frame memory 101, the adder 115 and the absolute value obtaining circuit 104 constitute the frame difference component extracting means described above. Further the compar ing circuit 106, the line memories 109-1 and 109-2 and the NOR circuit 111 constitute the motion detecting means described above and the AND circuit 113 forms the impulse noise judging means.
The impulse noise detecting section described above consists of line memories 116-1, 116-2 and 116-3, adders 117-1 and 117-2, comparing circuits 118-1, 118-2 and 118-3, absolute value obtaining circuits 119-1 and 119-2, and an AND circuit 121 and constitutes the noise de tecting and judging means. Since the noise detecting and eliminating means described previously is con structed similarly to the noise interpolating sections (Y) and ( Next the operation of the motion detecting section in the embodiment indicated in FIG. 14 will be explained.
The brightness signal (Y) 100 from the Y/C separat ing circuit 14 is inputted to the frame memory 101 and the adder 115. The difference between the brightness signal and the frame delayed brightness signal 102 de layed by one frame period by this frame memory is This frame difference signal 105 is compared with the motion detecting threshold signal 107 in the level by the comparing circuit 106 and the 1H-succeeding motion detection signal 108 is obtained, depending on which is greater. At the same time the 1H-preceding motion detection signal 110 is obtained through the line memo ries 109-1 and 109-2. The two signals are inputted to the NOR circuit 111, which outputs the motion detection signal 112.
This motion detection signal 112 is at the L level, when a motion is detected, and at the H level, when no motion is detected. Further, since the suspected impulse noise signal (impulse noise detection signal described previously) is at the H level, when the signal is sus pected to be an impulse noise, the impulse noise detec tion signal 114 outputted by the AND circuit 113, to which the motion detection signal 112 and the impulse noise detection signal 120 are inputted, is excluded from suspected impulse noises, when a motion is detected, and it is regarded that there is no impulse noise compo nent.
In this way the relevant pixel is excluded from the suspected impulse noises, depending on the detection of the motion and erroneous detections of impulse noises in a moving image can be reduced.
The motion detection in the embodiment indicated in FIG. 15 is identical to that described above.
As explained above, in the impulse noise eliminating device described above, motion detection in the pixels in the upper and lower adjacent scanning lines within the same field, to which a pixel detected as a suspected impulse noise belongs, is effected and in the case where the motion is detected, the pixel is excluded from the suspected impulse noises. In this way it is possible to decrease image distortion due to erroneous detection of impulse noise in a certain particular frequency range in a moving image to such a level that it produces no disturbance in the visual sensation and thus to improve the image quality. FIG. 16 shows an embodiment of a synchronization clamp circuit according to the present invention, which can effect the synchronization clamp without being influenced by impulse noises, even if they are produced in the synchronizing signal in the image signal. In the figure, 131 is an input image signal; R1 and R2 are bias resistors; and 132 is a first NPN transistor, these ele ments constituting the image signal input means de scribed previously. 135 is a charging capacitor and 138 is a discharging resistor, these elements constituting the charging-discharging means described previously. 140 is an amplifier; 142 is a low pass filter (LPF); and 144 is a low frequency component image signal, these ele ments constituting the low frequency image component extracting means described previously.
146 is a fourth NPN transistor; 148 is an output signal thereof; 150 is a fifth NPN transistor; 152 is a switching current; 154 is a load resistor; and 156 is a switching signal (control signal), these elements constituting the control signal generating means described above. 158 is a third PNP transistor, which constitutes the chargin g-discharging control means. 160 is an image output signal. Further RV represents a variable resistor for generating a clamp voltage 125 (clamp reference sig nal).
In the synchronizing circuit indicated in FIG. 16 , the input image signal 131 is biased by the power supply 5,268,760 11 voltage --V and the resistors R1 and R2. Thereafter it is changed into a low impedance by the first transistor 132 of emitter follower connection and then the clamp oper ation is effected by charging-discharging of the charg ing capacitor 135.
The charging in this clamp operation is effected by the fact that the charging current 128 pours in the charging capacitor 135, in the case where the potential of the switching signal 156 inputted to the base of the third transistor 158 is lower than the emitter voltage (i.e. power supply voltage +V) of the third transistor 158. Further the discharging is effected by obtaining the discharging current 129 with the discharging time con stant T=RC described previously owing to the fact that the input resistancer of the amplifier 140 is negligi bly small with respect to the resistance R of the dis charging resistor 138.
Next the operation until the switching signal 156 for making the charging current 128 flow is generated will be explained.
The image output signal 160 is outputted as a syn chronization-clamped image signal, as indicated in FIGS. 17(a) and 17(b), and inputted at the same time to the low pass filter 142 through the amplifier 140. The low frequency component image signal 144, in which impulse noises are smoothened, is extracted as an output thereof. At this time the part corresponding to the level lowering of the signal stated above due to the low pass filter 142 is compensated by amplifying it previously by the amplifier 140 (or the clamp voltage may be regu lated, taking this part corresponding to the level lower ing into account). For the low pass filter 142 a filter having characteristics capable of smoothing satisfacto rily impulse noises without impairing the synchronizing signal. For example, for the impulse noises produced when the FM modulation system is used for modulating the image signal as for the satellite broadcast, etc., in the case where the PLL demodulation system is used for the FM demodulation system in the present embodi ment, it is more effective, if the cut-off frequency f. of the low pass filter 142 is set about 0.1 to 0.5 MHz.
FIGS. 17(a) and 17(b) show an example of the image output signal 160 and the low frequency component image signal 144.
The low frequency component image signal is trans formed into a signal at a low impedance by the fourth transistor 146. When the output signal is applied to the emitter of the fifth transistor 150, if the potential (syn chronizing signal level) of the output signal of the fourth transistor described above is lower than the clamp voltage 125, the switching current 152 flows and the switching signal 156 is generated across the load resistor 154. The third transistor 158 is driven by this switching signal 156 so that the negative peak of the synchronizing signal in the output signal of the fourth transistor 146 is at the potential of the clamp voltage 125. That is, regardless of presence or absence of the impulse noise 216 in the input image signal 131, it is possible to clamp the negative peak of the synchroniz ing signal in the image output signal 160 at the potential of the clamp voltage 125.
As described above an image signal synchronization clamped without being influenced by impulse noise is obtained as the image output signal 160. The synchronization clamp circuit described above is between the tuner section 4 and the impulse noise re duction circuit 6.
As explained above, by using the synchronization clamp circuit according to the present invention, the synchronization clamp can be effected without being influenced by impulse noises and thus normal signal processing is possible, even if the impulse noises are produced in the synchronizing signal of the image sig nal.
Next the construction of a synchronization clamp device capable of replacing a back porch part of the image signal by a signal containing no impulse noises will be explained in order that normal pedestal clamp can be effected, even if an impulse noise is produced in the image signal. FIG. 18 shows an embodiment of the synchronization clamp device effecting the pedestal substituting process ing according to the present invention, in which 301 is a BS tuner; 302 is a demodulated image signal; and 303 is a synchronizing signal separating circuit; these ele ments constituting the synchronizing component signal described previously. 304 is a YC separating circuit, which constitutes the brightness component extracting means described previously. 305 is a brightness signal; 306 is a chrominance signal; and 307 is a synchroniza tion clamp circuit, which constitutes the synchroniza tion clamp means described previously. 308 is a syn chronization clamp brightness signal; 309 is a reference potential; and 310 is a switching circuit, which consti tutes the pedestal substituting means. 311 is a back porch signal; 312 is a pedestal substituting brightness signal; 313 is a YC mixing circuit; 314 is a pedestal sub stitution image signal; and 315 is a television monitor.
The demodulated image signal 302 outputted by the BS tuner 301 is separated into the brightness signal 305 and the chrominance signal 306 by the synchronizing signal separating circuit 303 and the YC separating circuit 304 and thereafter the brightness signal 305 is inputted to the synchronization clamp circuit 307. The construction and the operation of the synchronization clamp circuit 307 are as indicated in FIGS. 16, 17(a) and 17(b).
As described previously, the synchronization clamp circuit 307 outputs the synchronization clamp bright ness signal 308, for which the negative peak of the syn chronizing signal is clamped at a constant potential without being influenced by impulse noises.
At this time, further, the potential difference between the negative peak of the synchronizing signal of the synchronization clamp brightness signal 308 and the pedestal level (potential of the back porch section) is kept always at an almost constant value. The reason is that firstly, since an image signal transmitted by a broadcast station comforms to RS 170A standard of US EIA, the level difference between the negative peak of the synchronizing signal and the pedestal level is kept at 40 IRE and secondly the level of the demodulated image signal 302 demodulated by the BS tuner is kept almost constant by AGC..
Since the negative peak of the synchronizing signal is clamped at a constant potential and the potential differ ence between the negative peak of the synchronizing signal and pedestal level is almost constant, the pedestal level of the synchronization clamp brightness signal 308 is kept at a constant potential regardless of presence or absence of the impulse noises. Now this is explained, referring to FIG. 19. For ex ample, denoting the potential of the synchronization 5,268,760 13 clamp level L. by ec and the potential difference be tween the negative peak of the synchronizing signal and the pedestal level Ip by eo, the pedestal level of the synchronization clamp brightness signal 308 is kept at a constant level of e-eo.Here, as indicated in FIG. 18, if the reference potential 307 having a DC potential of ec--eois prepared and only the back porch section in the synchronization clamp brightness signal 308 is replaced by the reference potential 309 by means of the switching circuit 310, it is possible to obtain the pedestal substitu tion brightness signal 312, in which impulse noises Nare eliminated from the back porch section described above. At this time the back porch signal 311 control ling the switching circuit 310 can be obtained easily from the synchronizing signal separating circuit 303.
The pedestal substitution brightness signal 312 and the chrominance signal 306 are combined by the YC mixing circuit 313 to obtain a pedestal substitution image signal 314. When this pedestal substitution image signal 314 is supplied to the television monitor 315, normal brightness information is displayed without being influenced by impulse noises.
As explained above, according to the embodiment described above, in the FM transmission of the image signal represented by the BS broadcast, even if impulse noises are produced in the demodulated image signal because of a low C/N, since normal pedestal clamp is effected without being influenced by impulse noises, the brightness information can be reproduced with a high fidelity on a display screen of the television monitor.
Although the object of all the embodiments described above of the present invention is the television receiver of NTSC system, it can be applied to the PAL system and the SECAM system by adding only slight modifica tions thereto.
For example, since the phase of the chrominance signal is delayed by 90' for every scanning line in the PAL system, the phase of the 2H delayed chrominance signal 34 is advanced by 90' with respect to the phase of the 1H delayed chrominance signal 33 in FIG. 4 delayed chrominance signal 34 is added after having been changed into a signal in-phase with respect to the chrominance signal 34. Further a 90° phase shift circuit 35-2 is used for changing a signal obtained by this addi tion into a signal in-phase with respect to the 1H de layed chrominance signal 33. It differs only at this point from the case of the NTSC system and all the other points such as the noise detection algorithm, processing of the brightness signal, etc. are identical to those used for the NTSC system.
Further the SECAM system differs from the NTSC system and the PAL system in that the color difference signal is FM-modulated. FIG. 21 shows an embodiment of the impulse noise eliminating circuit according to the present invention in the SECAM system, in which 360 is an SECAM image signal; 361 is an SECAM decoder; 362 is a brightness signal (Y signal); 363 is an R-Y signal; 364 is a B-Y signal; 365 is a noise reduction circuit, 366-1 and 366-2 are lhi delay lines; 367 is a noise-reduction-processed brightness signal; 368 is a 1H delayed R-Y signal; 369 is a 1H delayed B-Y signal; 370 is an SECAM coder; and 371 is a noise-reduction-processed SECAM image sig nal. The vertical resolving power of the color signal of the SECAM system is only a half of that of the NTSC system and the PAL system and further characteristics of the visual sensation of a human being is not so sensi tive to color. For this reason, even if an impulse noise part is interpolated by using other signals containing no impulse noises for the R-Y signal 363 and the B-Y signal 364 at eliminating the impulse noises, effect thereof can be hardly expected for the SECAM system. As explained above, according to the present inven tion, when C/N of the received signal is lowered, im pulse noises are produced in the image signal, and the image quality of the displayed image is impaired, it is possible to restore significantly worsened image quality by detecting and eliminating the impulse noises.
What is claimed is:
1. A noise eliminating circuit for a television receiver having demodulating means for demodulating a modu lated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising:
noise judgment means for detecting a noise compo nent contained in said detected signal and for judg ing the presence or absence of an impulse noise component composed of individual pulses which have great variations in brightness and are con tained in said image signal, based on an amount of said noise component, and outputting a noise judg ment signal;
YC separating means for separating said image signal into a brightness signal and a chrominance signal; and noise eliminating means which detects an impulse noise portion in said brightness signal to obtain an impulse noise detecting signal and effects interpola tion processing for the brightness and the chromi nance of the impulse noise portion, based on said impulse noise detection signal, to output an image signal from which the pulse noise component is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged accord ing to said noise judgment signal that there exists no impulse noise component. 2. A noise eliminating circuit according to claim 1, wherein said noise eliminating means includes: first delaying means for delaying said brightness sig nal by a predetermined scanning time to output a delayed brightness signal;
impulse noise detecting means for detecting said in pulse noise portion, based on said brightness signal and said delayed brightness signal, to obtain said impulse noise detection signal; second delaying means for delaying said chrominance signal by a predetermined scanning time to output a delayed chrominance signal; first interpolating means for outputting an interpo lated brightness signal, starting from said bright ness signal and said delayed brightness signal; second interpolating means for outputting an interpo lated chrominance signal, starting from said chro minance signal and said delayed chrominance sig nal;
first selecting means for selecting one of said delayed brightness signal and said interpolated brightness signal in response to said impulse noise detection signal; second selecting means for selecting one of said de layed chrominance signal and said interpolated chrominance signal in response to said impulse noise detection signal; and YC mixing means for combining said brightness sig nal and said chrominance signal selected by said first and said second selecting means to output an interpolated image signal from which said impulse noise portion is removed. 3. A noise eliminating circuit according to claim 2, wherein said impulse noise detecting means comprises: a calculating section for calculating a difference con ponent signal between said brightness signal and said delayed brightness signal; a comparing section for comparing said difference component signal with a predetermined reference signal; and a noise detecting section for obtaining said impulse noise detection signal in response to an output sig nal of said comparing section. 4. A noise eliminating circuit according to claim 2, wherein said first interpolating means includes a first interpolating circuit for forming an average of said brightness signal and said delayed brightness signal to obtain said interpolated brightness signal, and said sec ond interpolating means includes a second interpolating circuit for forming an average of said chrominance signal and said delayed chrominance signal to obtain said interpolated chrominance signal.
5. A noise eliminating circuit for a television receiver having demodulating means for demodulating a modu lated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising: a noise judgment means for detecting a noise component contained in said detected signal and for judging the presence or absence of an impulse noise component composed of individual pulses which have great variations in brightness and are contained in said image signal, based on an amount of said noise component, and outputting a noise judgment signal; and noise eliminating means which detects an impulse noise portion in said image signal to obtain an impulse noise detecting signal and effects interpolation processing for the brightness of the impulse noise por tion, based on said impulse noise detection signal, to output an image signal from which the pulse noise com ponent is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged according to said noise judgment signal that there exists no impulse noise component, wherein said noise eliminating means has a residual impulse noise eliminating circuit including:
means for comparing a level of said impulse noise detection signal with a predetermined reference level, detecting the impulse noise component com posed of individual pulses having great variations in the brightness contained in said image signal, and outputting a noise detection signal having a prede termined detection time in response to a result of the comparison; and impulse noise eliminating means which judges that a residual impulse noise is included when the detec tion time of said noise detection signal is longer than a predetermined time, based on a predeter mined period of a control signal, which extends said detection time based on said period so as to eliminate said residual impulse noise, and which outputs an impulse noise eliminating signal for which said detection time is extended.
6. A noise eliminating circuit according to claim 5, wherein said impulse noise eliminating means judges that a detection of residual impulse noise is erroneous when said detection time is shorter than said predeter mined time, based on said period, to output an impulse noise eliminating signal having said detection time.
7. A noise eliminating circuit according to claim 2, comprising:
means for comparing a level of said impulse noise detection signal from said impulse noise detecting means with a predetermined reference level, de tecting the impulse noise component composed of individual pulses having great variations in the brightness contained in said image signal, and out putting a noise detection signal having a predeter mined detection time in response to a result of the comparison; and impulse noise eliminating means which judges that a residual impulse noise is included when the detec tion time of said noise detection signal is longer than a predetermined time based on a predeter mined period of a control signal which extends said detection time based on said period so as to elimi nate said residual impulse noise, and which outputs an impulse noise eliminating signal for which said detection time is extended; wherein said impulse noise eliminating signal drives said first and second selecting means. 8. A noise eliminating circuit according to claim 5, wherein said residual impulse noise eliminating circuit comprises a shift register to which said impulse noise detection signal is inputted; and AND circuit to which an output of said shift register and said impulse noise detection signal are inputted; a flip flop circuit respond ing to the output of said shift register and an output of said AND circuit; and an OR circuit to which an output of said flipflop circuit and said impulse noise detection signal are inputted. 9. A noise eliminating circuit for a television receiver having demodulating means for demodulating a modu lated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising: a noise judgment means for detecting a noise component contained in said detected signal and for judging the presence or absence of an impulse noise component composed of individual pulses which have great variations in brightness and are contained in said image signal, based on an amount of said noise component, and outputting a noise judgment signal; and noise eliminating means which detects an impulse noise portion in said image signal to obtain an impulse noise detection signal and effects interpolation processing for the brightness of the impulse noise por tion, based on said impulse noise detection signal, to output an image signal from which the pulse noise com ponent is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged according to said noise judgment signal that there exists no impulse noise component, wherein said image signal includes a bright ness signal representative of said brightness informa tion, and further including: frame difference component extracting means for extracting a frame difference component signal from the image signal containing said brightness signal and a signal obtained by delaying said bright ness signal by a predetermined number of frame periods; motion detection means for comparing said frame difference component signal with a predetermined reference signal in level and detecting the presence or absence of motion in upper and lower adjacent pixels within a same field to output a motion detec tion signal; and impulse noise judging means which considers that there is no impulse noise component, even if said impulse noise component exists, except when no tion detection is recognized by said notion signal, so that an output of said noise eliminating means is composed of only the image signal from said de modulating means. 10. A noise eliminating circuit according to claim 9, wherein said frame difference component extracting means includes a frame memory to which the brightness signal of said image signal is inputted; an adder for adding an output of said frame memory and said bright ness signal; and an absolute value detecting circuit to which an output of said adder is inputted; and wherein said motion detecting means includes a comparing cir cuit to which an output of said absolute value detecting circuit is inputted; a first line memory to which an out put of said comparing circuit is inputted; a second line memory to which an output of said first line memory is inputted; and a NOR circuit having inputs to which are applied an output of said second line memory and the output of said comparing circuit; said impulse noise judging means including an AND circuit responsive to an output of said NOR circuit.
11. A noise eliminating circuit for a television re ceiver having demodulating means for demodulating a modulated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising: a noise judgment means for detecting a noise component con tained in said detected signal and for judging the pres ence or absence of an impulse noise component con posed of individual pulses which have great variations in brightness and are contained in said image signal, based on an amount of said noise component, and out putting a noise judgment signal; and noise eliminating means which detects an impulse noise portion in said image signal to obtain an impulse noise detection signal and effects interpolation processing for the brightness of 55 the impulse noise portion, based on said impulse noise detection signal, to output an image signal from which the pulse noise component is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged according to said noise judgment signal that there exists no impulse noise component, further including; image signal inputting means through which a re ceived image signal containing an impulse noise component in a synchronizing signal is inputted; charging-discharging means for charging a capacitor with said image signal and discharging it with a 65 18 certain time constant to obtain a synchronously clamped image output signal; clamp reference signal generating means for generat ing a clamp reference signal for carrying out said synchronous clamp; low frequency image component extracting means to which said charged image signal is inputted and which outputs a low frequency image component signal obtained by smoothing the impulse noise component contained in said image signal; control signal generating means for generating a pre determined control signal depending on a differ ence between the level of the synchronizing signal of said low frequency image component signal and the level of said clamp reference signal; charging control means for obtaining an image output signal by controlling the charging of said charging discharging means, based on said control signal, so that the level of said synchronizing signal is sub stantially identical to the level of said clamp refer ence signal; and a synchronizing clamp device for obtaining an image output signal from which variations in the clamp level due to the impulse noise component are moved, by effecting a constant synchronizing clamp control so that the level of said synchroniz ing signal is substantially identical to the level of said clamp reference signal; wherein said synchronizing clamp device is disposed on an output side of said noise eliminating means. 12. A noise eliminating circuit for a television re ceiver having demodulating means for demodulating a modulated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising: a noise judgment means for detecting a noise component con tained in said detected signal and for judging the pres ence or absence of an impulse noise component com posed of individual pulses which have great variations in brightness and are contained in said image signal, based on an amount of said noise component, and out putting a noise judgment signal; and noise eliminating means which detects an impulse noise portion in said image signal to obtain an impulse noise detection signal and effects interpolation processing for the brightness of the impulse noise portion, based on said impulse noise detection signal, to output an image signal from which the pulse noise component is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged according to said noise judgment signal that there exists no impulse noise component, further including: impulse signal inputting means through which a re ceived image signal containing an impulse noise component in a synchronizing signal is inputted; charging-discharging means for charging a capacitor with said image signal and discharging it with a certain time constant to obtain a synchronously clamped image output signal; clamp reference signal generating means for generat ing a clamp reference signal for carrying out said synchronous clamp; low frequency image component extracting means to which said charged image signal is inputted and which outputs a low frequency image component signal obtained by smoothing the impulse noise component contained in said image signal; control signal generating means for generating a pre determined control signal depending on a differ ence between the level of the synchronizing signal of said low frequency image component signal and the level of said clamp reference signal; charging control means for obtaining an image output signal by controlling the charging of said charging discharging means, based on said control signal, so that the level of said synchronizing signal is sub stantially identical to the level of said clamp refer ence signal; and a synchronizing clamp device for obtaining an image output signal from which variations in the clamp level due to the impulse noise component are re moved, by effecting a constant synchronizing clamp control so that the level of said synchroniz ing signal is substantially identical to the level of said clamp reference signal; wherein said synchronizing clamp device is disposed on an input side of said noise eliminating means. 13. A noise eliminating circuit according to claim 11, wherein said low frequency image component extract ing means includes a low pass filter having characteris tics capable of smoothing satisfactorily the impulse noise without impairing the synchronizing signal.
14. A noise eliminating circuit according to claim 12, wherein said low frequency image component extract ing means includes a low pass filter having characteris tics capable of smoothing satisfactorily the impulse noise without impairing the synchronizing signal.
15. A noise eliminating circuit for a television re ceiver having demodulating means for demodulating a modulated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising: a noise judgment means for detecting a noise component con tained in said detected signal and for judging the pres ence or absence of an impulse noise component com posed of individual pulses which have great variations in brightness and are contained in said image signal, based on an amount of said noise component, and out putting a noise judgment signal; and noise eliminating means which detects an impulse noise portion in said image signal to obtain an impulse noise detection signal and effects interpolation processing for the brightness of the impulse noise portion, based on said impulse noise detection signal, to output an image signal from which the pulse noise component is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged according to said noise treatment signal that there exists no impulse noise component, further including a syn chronizing clamp device effected pedestal substitution processing, including:
brightness on an output side of said noise eliminating means. 16. A noise eliminating circuit for a television re ceiver having demodulating means for demodulating a modulated received signal coming from a receiving antenna to obtain a detected signal and an image signal including brightness information, comprising: a noise judgment means for detecting a noise component con taining in said detected signal and for judging the pres ence or absence of an impulse noise component com posed of individual pulses which have great variations in brightness and are contained in said image signal, based on an amount of said noise component, and out putting a noise judgment signal; and noise eliminating means which detects an impulse noise portion in said image signal to obtain an impulse noise detection signal and effects interpolation processing for the brightness of the impulse noise portion, based on said impulse noise detection signal, to output an image signal from which the pulse noise component is removed when it is judged according to said noise judgment signal that there exists the impulse noise component, and to output the image signal from said demodulating means when it is judged according to said noise judgment signal that there exists no impulse noise component, further including a syn chronizing clamp device effecting pedestal substitution processing, including: brightness component extracting means for obtaining a brightness component signal from the image sig nal containing the impulse noise component; synchronizing component signal extracting means for extracting a synchronizing component signal from said image signal; synchronizing clamp means for effecting clamp con trol at such a level that a potential difference be tween a negative peak of said brightness compo nent signal and a pedestal level has a predetermined value to obtain a clamp-controlled brightness com ponent signal having a constant pedestal level; and pedestal substitution means for replacing a porch portion of said clamp-controlled brightness compo nent signal with the level of a reference signal by switching between said reference signal generated at approximately the same level as said pedestal level and said clamp-controlled brightness compo nent signal, based on said synchronizing compo nent signal, to eliminate an impulse noise compo nent existing in said porch portion; wherein said synchronizing clamp device is disposed on an input side of said noise eliminating means. 17. A noise eliminating circuit according to claim 1, wherein said noise eliminating means has a residual impulse noise eliminating circuit including:
means for comparing a level of said impulse noise detection signal with a predetermined reference level, detecting the impulse noise component com posed of individual pulses having great variations in the brightness contained in said image signal, and outputting a noise detection signal having a prede 5,268,760 21 termined detection time in response to a result of the comparison; and impulse noise eliminating means, which judges that a residual impulse noise is included when the detec tion time of said noise detection signal is longer than a predetermined time based on a predeter mined period of a control signal, which extends said detection time based on said period so as to eliminate said residual impulse noise, and which outputs an impulse noise eliminating signal for which said detection time is extended.
18. A noise eliminating circuit according to claim 17, wherein said impulse noise eliminating means judges that a detection of residual impulse noise is erroneous when said detection time is shorter than said predeter mined time, based on said period, to output an impulse noise eliminating signal having said detection time.
19. A noise eliminating circuit according to claim 17, wherein said residual impulse noise eliminating circuit comprises a shift register to which said impulse noise detection signal is inputted; an AND circuit to which an output of said shift register and said impulse noise detec tion signal are inputted; a flipflop circuit responding to the output of said shift register and an output of said AND circuit; and an OR circuit to which an output of said flipflop circuit and said impulse noise detection signal are inputted. 20. A noise eliminating circuit according to claim 1, further including: frame difference component extracting means for extracting a frame difference component signal from the image signal containing said brightness signal and a signal obtained by delaying said bright ness signal by a predetermined number of frame periods; motion detecting means for comparing said frame difference component signal with a predetermined reference signal in level and detecting the presence or absence of motion in upper and lower adjacent pixels within a same field to output a motion detec tion signal; and impulse noise judging means which considers that there is no impulse noise component, even if said impulse noise component exists, except when mo tion detection is recognized by said motion detec tion signal, so that an output of said noise eliminat ing means is composed of only the image signal from said demodulating means. 21. A noise eliminating circuit according to claim 20, wherein said frame difference component extracting means includes a frame memory to which the brightness signal of said image signal is inputted; an adder for adding an output of said frame memory and said bright ness signal; and an absolute value detecting circuit to which an output of said adder is inputted; and wherein said motion detection means includes a comparing cir cuit to which an output of said absolute value detecting circuit is inputted; a first line memory to which an out put of said comparing circuit is inputted; a second line memory to which an output of said first line memory is inputted; and a NOR circuit having inputs to which are applied an output of said second line memory and the output of said comparing circuit; and impulse noise judging means including an AND circuit responsive to an output of said NOR circuit. synchronizing clamp means for effecting claim con trol at such a level that a potential difference be tween a negative peak of said brightness compo nent signal and a pedestal level has a predetermined value to obtain a clamp-controlled brightness com ponent signal having a constant pedestal level; and pedestal substitution means for substituting a porch portion of said clamp-controlled brightness compo nent signal with the level of a reference signal by switching between said reference signal generated at approximately the same level as said pedestal level and said clamp-controlled brightness compo nent signal, based on said synchronizing compo nent signal, to eliminate an impulse noise compo nent existing in said porch portion; wherein said synchronizing clamp device is disposed on an input side of said noise eliminating means.
